General Remarks
All reactions were carried out under an air atmosphere at room temperature unless otherwise stated. Reagents were purchased at the highest commercial quality and used without further purification, unless otherwise stated. Benzoquinone and benzoquinone-d4 were purified via sublimation before use. Reactions were monitored by gas chromatography using an Agilent Technologies 7890A instrument using a 30-meter DB-5 column with an internal diameter of 0.250 millimeters; reaction species were calibrated against biphenyl as an internal standard. Isotopic distributions in competition kinetic isotope effect experiments were determined using an Agilent Technologies 7820A instrument with a 5975 series MSD. NMR spectra were recorded on Bruker DRX-600, DRX-500, and Varian INOVA-399 instruments using residual undeuterated solvent as an internal reference, unless otherwise noted. High-resolution mass spectra were recorded on an Agilent LC/MSD TOF mass spectrometer by electrospray ionization and time of flight differentiation. All reaction mixtureMS data was acquired using a custombuilt electrospray source on an LTQ Orbitrap XL hybrid mass spectrometer (Thermo Fisher Scientific, San Jose, CA, USA). 10 µL of acetic acid was added to a 1 mL aliquot of the aqueous phase for each timepoint. Analyte solutions were infused at a rate of 5 µL/min through a fused silica capillary tubing (150 µm i.d., 250 µm o.d.) surrounded by a stainless steel capillary (500 µm i.d.), which directed the nebulizing N 2 gas. The source is positioned 1 cm from the inlet of the mass spectrometer. The Orbitrap ion transfer capillary was held at 275°C for all analyses. The resolution was set to 60,000 at m/z = 400. The potential held on the reaction mixture was set to 3 kV. All data were analyzed using the Qual Browser feature of the Xcalibur TM program (Thermo Fisher Scientific, San Jose, CA). General Experimental Procedure for Kinetic Experiments. p-Tolylboronic acid (0.15 M, 1.5 equiv), (NH 4 )S 2 O 8 (0.30 M, 3.0 equiv), substrate (0.10 M, 1.0 equiv), and biphenyl (0.05 M, internal standard) were combined with 1.25 ml CH 2 Cl 2 and 1.00 ml H 2 O in a 1 dram vial equipped with a Teflon coated stirbar and a screw-cap possessing a thin septum. Trifluoroacetic acid (0.10 M, 1.0 equiv) was added to reactions containing pyridine heterocycles. Reactions were initiated by adding 0.25 ml of a 0.02 M aqueous stock solution of AgNO 3 and stirred at 1200 rpm. Reaction progressions were measured by removing 20 ul aliquots and quenching in a 1:1 mixture of CH 2 Cl 2 :NaHCO 3 (sat.). The organic layer of the quenched solution was extracted with CH 2 Cl 2 and diluted for GC analysis. Molar concentrations of product and/or starting material were calculated using calibration curves generated from known concentrations of reaction species and internal standard (shown below). For pyridine substrates, measurement of product concentrations compared to biphenyl (internal standard) provided the most consistent results, while analysis of remaining starting material was problematic due to partitioning into the aqueous phase of the reaction mixture (and thus separating the material from the internal standard). Such partitioning was not observed in the case of benzoquinone; analysis of either remaining starting material or product formed yielded analogous results (see below).
GC Calibrations.
Figure S1: GC calibrations for all relevant reaction species compared to biphenyl as an internal standard. 
Time((minutes)(
[prod]"
[prod]"based"on"SM" 
S14

Competition Kinetic Isotope Effect Studies
The general experimental procedure described on page S2 was used and modified to reflect the initial concentrations listed in the scheme above. The reaction was monitored by gas chromatography until no further conversion was observed. Isotopic distribution of arylated products was determined by ion-extraction using GCMS. Analysis of the major enriched isotopologue is shown below. 
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The general experimental procedure described on page S2 was used and modified to reflect the initial concentrations listed in the scheme above. 1, 4-benzoquinone-d4 was purchased from Sigma Aldrich and purified by sublimation prior to use. The reaction was monitored by gas chromatography until no further conversion was observed. Isotopic distribution of arylated products was determined by ion-extraction using GCMS. 4-Trifluoromethyl pyridine (1.27 grams, 0.86 mmol, 1.0 equiv) and palladium on carbon (10% by weight, 0.150 grams, 0.14 mmol, 0.16 equiv) were combined in 5 ml D 2 O in a pressure reactor equipped with a Teflon coated stirbar. Hydrogen gas was bubbled through the reaction mixture for approximately 10 minutes before sealing the pressure reactor with a threaded Teflon coated stopper. The reaction mixture was heated to 180 o C in an oil bath and stirred vigorously for 24 hours. Upon cooling to room temperature, the crude reaction mixture was filtered through a pad of celite and rinsed several times with diethyl ether. The organic layer was extracted, dried over MgSO 4 and filtered to yield a crude suspension of deuterium-enriched 4-trifluoromethyl pyridine in diethyl ether. The desired material, 1-a-d, was purified by fractional distillation (110 o C) as a clear and colorless oil.
1 H NMR revealed a mixture of isotopologues with bis-deuterium incorporation (C-2 and C-6 positions) as the predominant species. Spectral data for the major isotopologue: 1 , and 1-a-d (above) (0.10 M, 1.0 equiv) were combined with 1.25 ml CH 2 Cl 2 and 1.00 ml H 2 O in a 1 dram vial equipped with a Teflon coated stirbar and a screw-cap possessing a thin septum. Trifluoroacetic acid (0.10 M, 1.0 equiv) was added and the reaction was initiated by adding 0.25 ml of a 0.02 M aqueous stock solution of AgNO 3 and stirred at 1200 rpm for 3 hours. The crude reaction mixture was quenched with 10 ml NaHCO 3 (sat.) and diluted with 10 ml CH 2 Cl 2 . This material was washed 3x each with 10 ml aqueous NaCl (sat.) and CH 2 Cl 2 . The organic layer was then extracted, dried over MgSO 4 , and concentrated at reduced pressure. Silica gel chromatography yielded 3a-d in 81% yield as a pale yellow oil; R f = 0.7 (20% EtOAc in hexanes Silver nitrate (84 mg, 0.50 mmol, 1.0 equiv) was dissolved in 0.50 ml of H 2 O in a 1 dram scintillation vial. 4-Trifluoromethyl pyridine (116 ul, 1.0 mmol, 2.0 equiv) was carefully layered onto the surface of the AgNO 3 solution to form two immiscible liquid layers. This mixture was allowed to sit undisturbed for several hours as silver/white needle-like crystals grew downward from the liquid interface (picture above). This solid material was filtered, dried under reduced pressure, and then used directly as a catalyst for subsequent reactions. Computational Details
Computational Methods
All DFT calculations were performed with the Gaussian 09. ------------------------------------G sol = -651.583523 Hartree ------------------------------------ 
Coordinates and Energies of Stationary Points
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